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Abstract 
Bridges form a vital link in the physical infrastructure and must be maintained in 
“safe working order” at all times.  Unfortunately, many local and government 
departments have neglected the benefits of preventative maintenance and have 
opted for “just in time” repairs.  This is especially true for timber bridges.  This 
past neglect has placed bridge stock in a poor state that is only now being 
recognised as a significant problem.   
A comprehensive research program is presently underway to address these 
concerns and to generate detailed knowledge on the load carrying capacities of 
timber bridges so as to manage the bridge stock efficiently. This research 
program incorporates destructive testing of timber bridge girders, load testing of 
timber bridges all of which will be supplemented by computer simulation. It will 
aim to determine the capacity of sniped (notched) timber bridge girders with 
regard to condition state, notch depth and gradient, location, size and type of 
defect; and material properties/species. It is believed that this research will 
enable asset managers to more accurately determine the capacity of sniped 
timber bridge girders to enable appropriate retrofitting and maintenance. 
This paper will present some of the experimental destructive testing carried out 
on 53 timber girders in this research program and review and discuss the results. 
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1. Introduction 
Within the bridge network managed by the Department of Main Roads (Queensland, Australia), 
there are approximately 480 timber bridges still in service.  In addition to the timber bridges 
managed by Main Roads, the majority of local government authorities also have a large amount 
of timber bridge stock.  In order to effectively manage this aging and vulnerable bridge stock, 
managers in these departments require detailed knowledge of the condition and load carrying 
capacity of these structures, so as to implement appropriate maintenance and/or retrofitting 
strategies. 
Almost daily, Government Departments receive applications for the movement of extremely 
heavy vehicles across these timber bridges.  These vehicles include mobile cranes with masses 
ranging from 48 to 95 tonnes, with individual axle masses of up to 12 tonnes and heavy load 
platforms (HLP’s) with individual axle masses ranging from 15 to 20 tonnes and the total length of 
the vehicle exceeding 50 meters.  Each one of these movements must be assessed to ensure 
that the vehicle can safely traverse the bridges along the nominated route.   
In evaluating heavy vehicle permits, engineers must make assumptions as to the effect of 
deterioration and sniping of girders on the capacity of timber bridges.  To add to the difficulty in 
assessing timber structures there is no clear guidelines on what degree of sniping is considered 
“safe” when working with round deteriorated and sniped girders. 
The effects of sniping timber girders have been in question since at least 1915.  This is evident 
from the following quote from Doak (1915): 
“Another point which was conspicuously brought out by our test was the weakness 
caused by cutting into the timber on the underside to form a bearing.  Invariably the 
lower part below the plane of the bearing surface was cut off….” 
Due to the lack of understanding of the effect of end notching beams, design has generally been 
empirically based on the net shear area of a section.  However this design concept is incorrect as 
the failure mechanism is a combination of shear and bending.   
Within Australian Standard for Limit State Timber Design (AS1720.1 (1997)) it is noted that 
special provisions exist for the design of notched beams.  The provisions of Clause 1.4.4 assume 
that “there are no loose knots, severe sloping grain, gum veins, gum or rot pocket, lyctus-
susceptible sapwood, holes or splits in the vicinity of any fasteners or notch roots.”  There is no 
mention in this clause that the assumptions do not apply to round timbers.  However, when 
Clause E9 is examined all notations and comments refer to rectangular beams.  This clause (E9) 
states that a certain equation shall be adhered to in the design of a rectangular timber beam with 
a notch.  
It is for these reasons that research utilising destructive testing of timber bridge girders was 
undertaken. 
2. Destructive Testing 
2.1 Objectives of Testing 
The objectives of undertaking full scale destructive testing are: 
- To investigate the actual rupture strength of timber bridge girders in relation to the code 
predicted bending strength; 
- To investigate snipe failures and the relationship between code predicted strength in a 
notched region when simply supported; 
- To compare correlation between condition states and capacity of the girder; and 
- To compare failure capacities and species type. 
2.2 Physical Testing 
A total of 53 girders have been tested using a four point bending tests configuration.  The Four 
point bending test configuration was designed to ensure pure bending at mid span and maximum 
shear at the supports.  The beams were approximately 9-m in length and simply supported at 
their ends.  The two hydraulic jacks were positioned at a distance of 1.1m on either side of the 
centre of the test span and equal loads were applied by each jack to the girder. 
Vertical deflections of the girder were measured adjacent to both support points and at midspan.  
In addition, three LVDTs were installed on the underside of the girder at midspan and under each 
jack to measure elongation of the girder.  The load was gradually increased until failure was 
observed. 
2.3 Results  
Results of the testing related to bending failures are presented in the following sections.  Three 
failure mechanisms occurred during the testing program.    These were: 
- Longitudinal tension failure (bending); 
- Longitudinal shear failure (failure initiating from the snipe); and 
- Local failures. 
2.3.1 Modulus of Elasticity and Modulus of Rupture 
The Modulus of Rupture (MoR – the maximum stress that the timber could withstand in bending 
calculated from the breaking load under the assumption that the specimen is elastic until rupture) 
and Modulus of Elasticity (MoE) are common methods of comparing the strength between 
different timbers. Since the girders were cut into sections after testing the Moment of Inertia under 
the loading points could be determined. 
This thereby allows the Modulus of Elasticity, in the vicinity of the loading points, of each girder to 
be determined.   In the majority of tests, inelastic behaviour was not observed in the member 
before failure.  This extended to failures that initiated from the snipes, which in many cases 
proved to be brittle failures.  Such failures in the field could cause considerable damage to any 
vehicle crossing the bridge.   
Figure 1 shows the plot of Modulus of Rupture versus Modulus of Elasticity for the destructive 
testing of all girders (except for local failures) from the test sample.  It appears that with an R2 
(residual sum of squares based on linear regression principles) value of 0.633 the sample has 
only a small statistical correlation, however it is understood that in timber a correlation above 0.4 
is considered to be good.  To draw comparisons between other bending tests that have been 
undertaken on Australian Timbers results of 95 timber girders tested in a three point bending 
arrangement undertaken by Yttrup and Nolan (1996) in Tasmania are shown in Figure 3.   These 
tests produced a statistical correlation of approximately 0.52.   The MoE and MoR of Yttrup and 
Nolan’s tests were based on the net sectional properties.  As the majority of defects found in 
timber bridge girders form as centrally located pipes, the moment of inertia and centroid of the 
girder does not vary significantly by using this simplification. 
 
Figure 1:  MoE vs MoR 
 Figure 2:  MOE versus MOR by Yttrup and Nolan (1996) 
2.3.2 Observations on Strains 
The results indicate that for the overall population that the minimum strain (calculated from 
midspan extension) at midspan at failure is 1412µ∈ for the 95% confidence level.  Testing 
undertaken by Kendall (1997), suggested that the midspan bending strain at failure is 1400µ∈ for 
the 95% confidence level which gives further confidence to the testing on the fifty-three girders. 
However further to Kendall’s hypothesis he also stated that the strain at failure was not related to 
MoE, MoR or the species of hardwood.   
What must be considered is that the population of girders tested were in very poor condition.  
That being the case it can be mooted that the minimum failure strain is too low to extend to the 
whole population of timber girders.  
 To aid in describing the deterioration of a bridge members the department of Main Roads uses 
set descriptors known as Condition States.  The Condition States as Defined by the Bridge 
Inspection Manual (2000) are shown in the table below: 
Condition 
State 
Description 
1 The girders are in good condition with little or no pipe rot or decay. There may be minor 
splits or checks having no effect on member strength.  
2 Girders are in good condition and may have pipe rot/termite attack of up to 30% of the 
diameter at midspan and/or 20% at the supports. They may also have minor decay, splitting, 
checking or crushing but not of sufficient magnitude to affect the strength of the member.  
3 Girders have a reasonable amount of pipe rot/termite attack of up to 50% at midspan and/or 
35% at the supports. They may have large splits or checks which may reduce the strength of 
the member. Splits may be separating under load causing crushing of the member, or 
crushing may be due to water ingress softening the load bearing areas of the timber.  
4 The timber girders may have excessive pipe rot/termite attack of up to 70% at midspan 
and/or 50% of the supports, accompanied by severe splitting or crushing. Strength of the 
member has been severely affected and failure may be imminent. 
Table 1:  Condition State Descriptions (Bridge Asset Management, 2000) 
To ensure that the condition state at the end of the girders was not overly influencing the failure 
strains a comparison of the 5th percentile failure strain at midspan versus the condition state at 
the failure location was undertaken.  An overview of the results can be seen in Table 2. 
 
Condition State in 
Failure Region Failure Strain (µ∈) Number of samples 
1 2623 10 
2 2396 15 
3 1701 7 
4 1368 20 
Table 2:  Failure Strain  
Of interesting note is the steady decrease between the condition state in the failure region and 
the 5th percentile midspan strain.  When undertaking a linear regression on these values a 
statistical correlation of 0.964 is obtained.  
As none of the failures of the condition state four category were initiated from longitudinal 
bending, it is fair to say that the lower failure strains are encountered as the full bending capacity 
of the girder is not reached. 
2.3.3 Observations on snipe initiated failure 
During the initial theoretical study and research the capacity of the timber girders in relation to the 
maximum shear force that could be imposed on the girder was calculated based on  AS1720.1 - 
1997:  Timber Structures Part 1: Design Methods. 
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Where: 
M* = design bending moment calculated for the net section 
V* = design shear calculated for the net section 
k1 – k12 = load factor of load duration, partial seasoning, temperature and stability 
f’sj = Characteristic Shear strength (MPa) 
dn, dnotch, d and b = see Figure 4 
g40 =  see Table 3. 
g40 Notch angle slope dnotch ≥ 0.1d dnotch < 0.1d 
lnotch/dnotch = 0 9.0/d0.45 3.2/dnotch0.45 
lnotch/dnotch = 2 9.0/d0.33 4.2/dnotch0.33 
lnotch/dnotch = 4 9.0/d0.24 5.2/dnotch0.24 
Note: Inotch, dnotch, and d are to be stated in millimetres.  See Figure 3 for clarification. 
Table 3: Coefficient g40 for sawn notch on beam edge 
As previously mentioned, AS1720.1 does not include allowances for the effect of notches on 
round (or octagonal) members.  As such, two different approaches were used.  The notations 
used in these calculations is described below. 
- Approach 1 - g40 is calculated based on the percentage depth of the notch compared to 
the diameter of the girder. 
- Approach 2 - g40 is calculated based on the percentage area of the notch compared to the 
area of the girder. 
In both approaches bdn is the net remaining area of the girder (shaded section in Figure 4 )and dn 
is equal to D minus Dnotch.  
 
Figure 3: Notch Notation (Standards Australia 1997) Figure 4:  Notation Diagram 
As the factors of safety involved with incorporating the effect of moment on the notched region 
were extremely high it was decided that the effect of the moment should be negated to determine 
the shear capacity of the members.  This then yielded a 5th percentile factor of safety of 
approximately 1.75 based on the allowable shear force on the net sectional area remaining (ie. 
the percentage area including pipes). However due to the variability of timber further investigation 
is required before a strength equation for girders can be developed. 
To further examine initiation of snipe failures, the effect of the species (and strength group) of the 
girder was also examined.  It was noted that Grey Ironbark (a strength group 1 material, as 
defined later) performed well below its predicted response in relation to MoE, MoR and 
mircrostrain.  In the specimens that performed poorly (8 out of 12) all but two had a percentage 
cross sectional area loss of 19% or greater. Additionally only one of the samples had a snipe that 
was less than 10% of the depth of the section.  
Typically Grey Iron bark was used in bridge construction routinely until approximately 30 years 
ago.  After this time the supplies of this timber were declining and lesser quality timbers were 
used in bridge construction.  It could therefore be debated whether this response could be due to 
the deterioration resulting from biological and mechanical (eg repeated high loading) sources. 
2.3.4 Comparison against AS1720.1 
Timber properties as outlined in AS1720.1 were developed through the testing of clear 
specimens.  As these samples do not contain any of the inherent characteristics of timber and the 
samples would be in “as new” condition it is expected that girders that have been in service will 
have diminished strength and elastic properties.   
The Roads and Traffic Authority of New South Wales (in Australia) undertook a program of timber 
girder testing and during the year from October 1990 to October 1991 they tested approximately 
100 girders.  Deflection testing was undertaken to produce results for Modulus of Rupture (MoR) 
and Modulus of Elasticity (MoE).  Typical values for ironbark are shown below: 
Result New Girder Old Girder Residual Strength (%) 
MoR 120 MPa 60 MPa 50 
Table 4: Typical Test Results for Ironbark (McTackett 1991) 
From viewing Figure 5 it can be seen in the testing undertaken that the decrease in strength is 
also apparent.  Australian classification of timber uses strength groups.  These groups are based 
on the mechanical properties of the material free of strength-reducing characterics. Ironbark is 
rated as an S1 (the strongest group for an unseasoned material) material thereby giving a MoR of 
100 MPa and an elasticity of 21.5 GPa.  When the same MoE is compared with the bending test 
results it can be seen that ironbark has a residual strength of approximately 41% of new material.   
 Figure 5:  MoE vs MoR with AS1720.1 comparison 
This decrease in material properties can also be demonstrated by investigating the relationship 
between maximum strain at failure and the MoR.  Figure 6 shows the clear decrease in failure 
strains between the Australian Standard “as new” materials and those girders removed from 
service tested using 4 point bending. 
 
Figure 6:  Microstrain (µ∈) Vs MoR 
Due to the observations discussed in Sections 2.3.3 and 2.3.4 it is highly recommended that 
species identification be undertaken and a reduction in code MoE and MoR be adopted to 
account for the additional deterioration of any Ironbark members. 
3. Conclusions 
3.1 Capacity Assessment 
To limit the risk of undertaking capacity assessments on timber bridges it is recommended that 
both visual grading and species identification is undertaken on the structure to aid in determining 
the strength group and grade of the material.  It is further recommended that girders that are 
classed as “rejected” are graded two stress grades lower than the stress grade they would 
typically be assigned.  For example, an S1 and S2 material are typically assigned a stress grade 
(a suite of design properties applicable to a particular reference population) of F32 and F27 (the 
strongest and second strongest design properties groups) should be assessed based on a stress 
grade of F22 and F17 respectively.  
Testing has indicated that there is a large decrease in the maximum failure strain for girders that 
were in condition state 4 in the area of failure.  It is therefore recommended that girders that are 
recommended for replacement due to defects have an ultimate strain limit of 1300µ∈ assigned 
during capacity assessments. 
3.2 Retrofitting 
It is recommended that: 
- Anti splitter bolts should be installed on girders when the loss of section due to sniping is 
between 15 and 30% based on the depth of the round section to ensure that the capacity 
of the girder is not exceeded in the sniped region.   
- Over-cutting at the root of the notch is avoided.  This can be achieved by drilling a hole in 
the member at the root of the notch before cutting the notch; and  
- A depth to length ratio the snipe is cut at 1:4 when a new girder is installed. 
These recommendations will decrease the opportunity for the initiation of snipe failures due to 
stress concentrations in the region of the notch.  It should be noted that results from this testing 
indicate that failure of the girder can still occur at a depth of 10% however it would prove to be un-
economical for asset managers to retrofit all girders at this depth of sniping.   
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